Floral morphology is shown to l?e closely correlated with the type of breeding system in the genus Bria L. (Gramineae). The outbreeding species have large anthers and stigmas that are well exerted at anthesis whereas in the inbreeding species anthers and stigmas are small and the flowers are frequently cleistogamous. Self-incompatibility in B. media is controlled by two genes, both with multiple alleles. Identity at both loci is necessary for pollen inhibition. Pollen control is gametophytic, incompatible pollen tubes are inhibited on the stigmatic surface. Unilateral incompatibility occurs in crosses between self-incompatible and self-compatible species. Self-compatible pollen is inhibited on self-incompatible stigmas but the reciprocal shows no inhibition.
INTRODUCTION
BREEDING systems in plants show a remarkable diversity. In Angiosperms self-incompatibility is the most widespread device promoting cross-fertilisation (East, 1940; Fryxell, 1957; Crowe, 1964) . Though all self-incompatibility systems serve the same purpose the genetic basis varies. Control may be brought about by polygenic systems or supergenes; gene expression may be sporophytic or gametophytic and the site of action at the ovary, in the style or on the stigmatic surface.
Usually the genetic basis of self-incompatibility is alike in closely related groups. Previous studies of intraspecific incompatibility in the Gramineae (Lundquist, 1956 (Lundquist, , 196la, l962a, 1969 Hayman, 1956) have shown that there are two loci that control the incompatibility reaction. However, Hayward and Wright (1971) working on Lolium perenne did not find any clear pattern of segregation amongst F1 progenies and were not able to draw any precise conclusions about the genetics of incompatibility in this species. This work casts some doubts on the universality of the two locus systems of self-incompatibility in the Gramineae.
Within genera, within species and even within a single population it is not uncommon to find self-compatibility and self-incompatibility co-existing within the group. In the long term, a permanent change from outbreeding to enforced inbreeding is accompanied by changes in floral morphology. These changes are particularly striking in insect-pollinated flowers and examples can be found in genera such as Passflora (Lewis, 1966) , Clarkia (Moore and Lewis, 1965) , Gilia (Grant, 1964) and many others. Windpollinated flowers do not show such obvious adaptations though their evolution from outbreeding to inbreeding is also accompanied by subtle changes in floral morphology. Amonst the grasses such changes have been reported in Bromus (Harlan, 1945; Stebbins, 1957) , Elymus (Snyder, 1950), Festuca and Poa (Stebbing, 1970) .
Apart from the correlated changes in breeding system and floral morphology within species, there are additional breeding barriers between species. Pollen-style reactions in interspecific crosses between self-compatible and self-incompatible species can be used to "date" the relative age of a self-compatible species. Lewis and Crowe (1958) proposed that there are two types of self-compatible species. The first type, the Sc species, are considered to be recent mutants in which the stylar activity is unimpaired but self pollen is not inhibited since it has lost its incompatibility specificity.
The second type, the SC species, are thought to be long established selfcompatible species in which neither pollen nor style is active but their pollen is inhibited on the style of self-incompatible species. Thus recent mutants to self-compatibility can be distinguished from long-established self-compatible species on the basis of their pollen behaviour in inter-specific crosses with self. incompatible species. Though there are exceptions to this hypothesis it has been found to be applicable to a large number of species in many families of Angiosperms.
This paper is an attempt to show the variety in floral structure and to elucidate the genetic control of intra-and inter-specific incompatibility in the genus Briza L.
MATERIALS AND METHODS
Plants used in this study were either collected from natural populations growing near Reading or grown from seed supplied by Botanic gardens and research institutes. Studies of the floral structures of some species were made on herbarium specimens at the Royal Botanic Gardens, Kew (K) or the Reading University Herbarium (RNG).
For the study of the incompatibility system of B. media an F1 progeny was produced by controlled pollinations of plants from different populations. As pollen tube growth was found to be closely correlated with seed-set this was used to assess compatible and incompatible pollinations. All pollinations were carried out using the petri dish technique as described by Lundquist (1961 b) . Pollen tubes in stigmatic tissue were observed by means of the callose fluorochrome reaction (Lalouette, 1967) . The European inbreeding species, B. minor and B. maxima, are chasmogamous but have relatively small anthers and stigmas when compared with the outbreeders. Filament length and stigma size are also reduced in these species.
All the South American species appear to be inbreeding and cleistogamy is a common feature of this group. B. poaemorpha and B. lilloi oniy have cleistogamous flowers. Here a single small anther (O2-O3 mm long) is borne between the much reduced styles onto which the pollen is directly shed. Other species have both cleistogamous and chasmogamous flowers. the parents, were completely self-incompatible. Secondly, the 19 F1 plants can be arranged into 11 breeding groups which are all inter-compatible but intra-incompatible. With 11 breeding groups more than one locus controlling the incompatibility specificities must be postulated, identity at both loci being necessary for pollen inhibition. Also, the parental plants must be heterozygous at both of the two proposed loci, S and Z, since all breeding groups were intercompatible and there were no reciprocal differences in pollen germination as would be expected if the parents had alleles in common. For example, if the parental genotypes were S12Z12 and S13Z24 there would be 12 breeding groups but certain crosses between the F1 plants would give reciprocal differences. S1322 x 3'S13Z12 would be compatible but the reciprocal would be incompatible. It is therefore, proposed that the two parental genotypes are S12Z12 and S34Z34 as a cross of this type would best fit the results obtained. The absence of reciprocal differences in these crosses is an indication of gametophytic control of the pollen specificity. This is further indicated by the differential behaviour of the pollen in certain crosses. For example, in compatible crosses on stigmas of the same genotype, 100 per cent pollen germination was observed in some crosses but only approximately 50 per cent of the pollen-germinated in other crosses with different male parents. Were the control sporophytic all pollen tubes would react in the same way on the same type of style.
(iii) Inter-specific incompatibility
The results of the inter-specific crosses show that the pollen of the selfcompatible species of Briza is inhibited on the stigma of the self-incompatible species. Figure 3 shows, firstly, that crosses between self.incompatible Thirdly, that crosses where the self-compatible species is the female parent and the self-incompatible species is the male parent were also compatible.
Diploid and tetraploid races of B. media behaved in a comparable manner with regard to pollen germination and growth. However, in crosses between the chromosome races seed-set was approximately five times greater when the diploid was used as the male parent than vice versa.
In all incompatible crosses the site of inhibition of pollen tube growth was on the stigmatic surface and is therefore the same in both inter-and intraspecific incompatibility.
Discussion
The self-incompatibility mechanism in B. media is particularly strong. Beddows (1931) in a report on seed setting in a number of species of grasses states that B. media sets fewer seed on selfing than any of the other species that he examined. In this study seed setting on selfing was non-existent and in the controlled pollinations for the analysis of the F1 progeny there was a complete absence of pollen tube growth in any of the self-pollinated plants. Lundquist (1956 et seq.) and Hayman (1956) have both proposed that incompatibility in the Gramineae is controlled by two genes both with multiple alleles. No linkage has been detected between these two loci thus this type of system is fractionally more efficient as a random cross-breeding mechanism than a single gene system (Lewis, 1966) . The data from B. media fit in very well with these previously studied examples of self-incompatibility in the Gramineae, the strength of the incompatibility reaction is probably responsible for the clear-cut results obtained from the analysis of the F1 progeny. Thus the genetic basis of incompatibility in Briza appears to be similar to that of all the other species of grasses studied with the possible exception of Lolium perenne.
The two locus system of incompatibility as found in the grasses is thought to have arisen by duplication of an original single locus (Lundquist, 1954, l962b) . Evidence to support this theory comes indirectly from the study of the effect of polyploidy on self-incompatibility in higher plants. In Dicotyledons autopolyploidy commonly results in self-compatibility in plants with a gametophytic system of incompatibility due to dominance and competition between S alleles in the diploid pollen (Lewis, 1947; Sampson, 1960) . Monocotyledons appear to show a complete lack of interaction between incompatibility alleles and this may have allowed this system based on duplication to develop in the Gramineae. Annerstedt and Lundquist (1967) have shown that incompatibility in Tradescantia paludosa is controlled by a typical gametophytic system. However, all tetraploids both natural and artificial, were completely self-incompatible. Collins (1961) and Sagawa (1958) , working with Ananas comosus and Lilium longfiorum respectively, have also shown that polyploids of these two self-incompatible species do not show any self-fertility. Tetraploid races of B. media also retain their self-incompatibility mechanism. These examples lend support to the idea that dominance and competitive interaction do not occur between S alleles in Monocotyledons. This may also explain the apparent absence of sporophytic incompatibility in the Monocotyledons since this involves the development of dominance relationships between S alleles.
The results of the inter-specific crosses show that unilateral incompatibility occurs between self-incompatible and self-compatible species of the genus Briza. The self-compatible species would appear to be of the SC type and are therefore not of recent origin. This idea is supported by the adaptations shown by the flowers of these species to self-pollination. Anther size and therefore pollen production is reduced, filament lengths decrease and stigmas become smaller and less feathery-all obvious adaptations to self-pollination and inbreeding. This study has extended the range of incompatibility systems to which Lewis and Crowe's rule can be applied and provides further evidence for the universality of unilateral inhibition in all types of self-incompatibility system.
As Pandey (1969) has suggested unilateral incompatibility serves two purposes. Firstly, it prevents self-compatibility alleles from establishing themselves in self-incompatible species. This preserves their outbreeding habit and eliminates the risk of inbreeding depression. Secondly, it may also protect the reproductive capacity of a species by the prevention of inviable, infertile or poorly adapted hybrids being produced.
